China has the largest population (1.33 billion) on Earth and a 2010 GDP of $5.4 trillion. This nation has experienced rapid economic growth in the last decade that has been accompanied by the generation of an enormous amount of municipal solid wastes. From 2000 to 2009, the reported MSW increased by 33% to 157 million tons. This paper presents the current situation in MSW generation, characterization, and means of disposal, based on the results of studies by WTERT (www.wtert.org) in China. The landfills serving the large cities of China are reaching or have already reached full capacity and there is strong government support for the waste to energy (WTE) alternative, resulting in over 90 WTE plants built or under construction. The thermal treatment technologies are based mostly on imported or domestic grate combustion technologies and on fluid bed combustion of shredded wastes. Of particular interest to the WTERT studies have been the Air Pollution Control systems used in Chinese plants and their performance, in particular the dioxin and furan levels attained, in view of continuing public opposition to WTE in Beijing and some other cities. The cities of Guangzhou, Shanghai, and Beijing were visited to examine any obstacles to further expansion of the WTE industry in China. There are extreme differences in the composition of MSW as well as waste management from region to region. It is believed that one of the reasons for public opposition to WTE projects is inadequate transparency as to the emissions of WTE plants. Also, it appears that some WTE facilities tend to cut down costs at the expense of adequate emission control. The paper concludes with discussion of the economics of Chinese WTE plants built in the last six years.
OVERVIEW OF WASTE MANAGEMENT IN CHINA 1.1 A RAPIDLY GROWING INDUSTRY
As one of the world"s fastest developing countries, China has experienced a high growth rate in economic development and urbanization. These have been accompanied by a fivefold increase in MSW generation from 31 to 156 million tons between 1982 and 2004 (1) . In the last decade, a new wave of urbanization increased the reported MSW generation by 33%. Figure 1 shows the correlation between urban population and amount of MSW generated. Figure 1 Correlation between urban population and MSW generation Waste disposal in China is categorized into "harmless" and "non-harmless" (i.e., harmful) treatment. The term "harmless treatment" signifies the disposal of MSW by recycling, composting, WTE and sanitary landfilling. The rate of "harmless treatment" is defined as the percentage of the weight of total MSW treated with these methods (2) and has increased considerably in the last decade. Landfilling is still the main method for disposing MSW in China and accounts for more than 80% of the treated MSW. However, various WTE technologies have been applied more and more widely in recent years, increasing WTE capacity from 2.5% of the MSW in 2003 to 12.9% in 2009 . A very recent study by EEC showed that the number of operating WTE plant is over 90. Table 1 shows the related data from 2001 to 2009(9). 
MSW CHARACTERIZATION IN CHINA
Like most developing countries, the MSW in China is characterized by high moisture content and low heating value (5). However, one factor that distinguishes the country"s MSW from other developing nations is that there are significant geographical differences in waste composition and management structure, due to the country"s vast territory and unbalanced economic development. The climate varies greatly from north to south, while the economic capacity gradually diminishes from eastern coastal cities to western inland cities. Other differences, such as living habits, and energy consumption, also contribute to these differences (3, 4) .
The impact of regional economic development on the MSW characterization is pronounced. The MSW of developed cities or regions contains a much higher fraction of paper and plastics than that from less developed ones, whose MSW is mainly composed of food. Therefore the heating value of less developed regions is lower. Table 2 shows the composition of MSW and its heating value in Shanghai, China"s most developed city, and Chengdu, a large inland city in southwestern China. These two cities are at the same latitude but at much different longitude. In 2010, the GDP per capita for Shanghai was $11,134, while that for Chengdu was $6,442. The MSW in Shanghai contains much more paper and plastics; Chengdu has a much higher percentage of organic waste. Although the moisture content of Shanghai"s MSW is higher than Chengdu"s, due to the coastal climate of Shanghai, its heating value is slightly higher than for Chengdu.
The geological and climate conditions vary from north to south in China. The southern regions have warmer and more humid climate than the northern regions. Table 3 shows the difference in MSW composition between Guangzhou, a city in southern China, and Beijing, a typical northern Chinese city. The two cities have almost the same level of economic development. Table 3 shows that the fraction of organic waste in Guangzhou MSW is higher than in Beijing. This is mainly because the MSW in southern regions contain more green wastes than the MSW of northern regions. (1) Usually, the moisture content of MSW in southern regions is higher due to the humid weather condition.
The waste management in China is based mainly on landfilling (79%) and WTE (18%) (9). Landfilling is still the dominant method of MSW disposal, although many large cities are now running out of land. The percentages of landfilling, composting and incineration (WTE) as of the end of 2007 are shown in Figure 2 . 
WASTE MANAGEMENT STRUCTURE
The substantial differences in economic conditions have resulted in different waste management practice. Regions where the MSW contains a lot of paper and plastics are more favorable to recycling and WTE, while regions whose wastes contain more organics may opt for composting. Economic conditions also affect the decision whether to adopt the more costly method of WTE. . Table 4 shows the WTE plants in various geographic regions of China. It can be seen that most of the WTE plants have been constructed in East and South China, especially in the districts of Yangtze River Delta and Pearl River Delta. Three provinces in these two districts, Guangdong, Zhejiang and Jiangsu, have 17, 21, and 14 WTE plants, these represent about 56% of the total number of WTE plants and 60% of the total WTE capacity in China. This is related to the mature economic development of these two regions.
The three cities visited by the authors, Beijing, Shanghai and Guangzhou, are all highly developed cities located in North, East and South China respectively. Table 5 shows the disposition of the reported post-recycling MSW in these three cities. 
TREND TOWARD WTE IN CHINA
As noted earlier, there are 93 WTE plants under operation in China and various projects are under way indicating the construction of at least as many new plants in the next five years, thus making WTE a booming market in China (5). There are two main drivers for the fast development of the industry.
RUNNING OUT OF LANDFILL SPACE
Most WTE plants are constructed in or beside big cities due to their high generation of MSW and scarcity of land for landfilling such as Beijing, Guangzhou, Shanghai, Hangzhou, Wuxi, and other cities. The three cities visited by WTERT are all confronted by the problem. For example, the city of Beijing has been laterally surrounded by more than five hundred legal or illegal landfills and when all of these landfills are marked on a satellite map, Beijing appears to be besieged by a circle of landfills (8) . In Shanghai, the city"s largest landfill, Laogang, is about 40 kilometers from Lujiazui, the financial center of mainland China. The problem is even worse in Guangzhou, whose landfills have already reached full capacity. One of the local landfills, which has a designed capacity of 2,500 tons per day, now receives 7,000 tons per day (10).
GOVERNMENTAL SUPPORT
Being aware of the severe problem of managing urban waste, the Chinese government has put into effect a series of favorable policies and ambitious plans to support the development of the WTE in the country. Electricity generated by WTE facilities is considered to be renewable energy by the government and is given a credit for about $30 per MWh of electricity over fossil fuels in the grid purchase price.
Local governments also pay to the WTE plants gate fees ranging from $13 to $40 per ton of MSW disposed. Other favorable policies such as lower land prices and income tax reduction for plant owners are also assisting the WTE industry. China"s Eleventh Five-year Plan (2006-2011) has been committed to constructing 82 new WTE plants and the next five year plan is said to invest more money and effort to build more plants in order to alleviate the waste problem.
WTE TECHNOLOGIES USED IN CHINA
Stoker grate incinerator and circulated fluidized bed (CFB) incinerator are the main type of incinerators used in WTE plants in China. According to an incomplete statistic for 100 WTE plants in operation or under construction by the end of 2007 in China (6), as shown in Table 6 , most of the MSW incinerators are of the grate combustion ("stoker") type, using technologies that are either imported or domestic. The Circulating Fluid Bed (CFB) incinerators co-fire MSW with coal and have been mainly developed by Chinese academies, such as Zhejiang University, Chinese Academy of Science, Tsinghua University, etc. Some plants use a squeezing press to decrease the moisture content of the garbage. At one of these plants, visited by the authors in Shanghai, this practice was reported to increase the Lower Heating Value of the MSW by as much as 2 MJ/kg. The leachate collected in the waste bunker of the WTE plant in some plants is used in anaerobic digestion plant to form biogas, which is then injected into the combustion chamber to enhance combustion.
The most common Air Pollution Control system used in WTE plants is the combination of semi-dry scrubber, activated carbon injection device and fabric filter baghouse. Also, in some WTE plants, SNCR technology is incorporated in the air pollution control system, for example in the WTE plants planned for Guangzhou, Shantou and Chongqing.
A problem that has resulted in public complaints is the odor dispersed from some WTE plants to local residences. The upto-date plants maintain a negative pressure in the MSW receiving building and the air is used for combustion. Of course, this is standard practice in modern WTE plants.
CONTROL OF DIOXINS/FURAN EMISSIONS FROM MSW INCINERATORS
Recently, the government enacted new legislation for dioxin/furan emissions to conform with the E.U. limits, i.e. changing the present standard of 1 ng/Nm3 to 0.1 ng/Nm3. The gas emission of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) from 19 commercial municipal solid waste (MSW) incinerators in China were investigated by Chinese Academy of Science (CAS) (7) . 16 stoker grate and 3 FB incinerators with capacity from 150-500t/d were selected for this research. The air pollution control systems used for 9 MSW incinerators are the combination of semi-dry scrubber, activated carbon and fabric filter; the other 7 MSW incinerators do not apply activated carbon injection devices. The results indicate the emissions of PCDD/Fs from these 19 MSW incinerators ranged from 0.042 to 2.461 ng TEQ /Nm3 with an average value of 0.423 ng TEQ/Nm3. The dioxin emission levels of 3 MSW incinerators are higher than 1.0 ng TEQ/Nm3, which was the emission limit in China until recently. Only 6 MSW incinerators have the dioxin emission levels below 0.1 ng TEQ/Nm3, which is the emission limit in Europe, the US and other developed countries. Therefore, the average emissions of PCDD/Fs from MSW incinerators might be four hundreds percent higher than that in EU or US. Considering the significant amount of MSW generation in China, the emissions of PCDD/Fs from MSW incineration has been a severe problem.
The emission factors of PCDD/Fs to the atmosphere from these 19 MSW incinerators were calculated to be 0.169-10.72 μg TEQ for per ton MSW with an average 1.728 μg TEQ per ton MSW. The total emission of PCDD/Fs from 19 MSW incinerators was calculated to be 3.247 g TEQ per year. The estimated total PCDD/F emission from MSW incinerators in China, were calculated to be about 20 grams TEQ in 2006. With the promulgation of the latest National Standard for Waste Incineration, dioxin level will be further decreased especitally for newly built WTE plants.
FACTORS THAT WILL INFLUENCE FURTHER DEVELOPMENT OF WTE IN CHINA

REGIONAL DIFFERENCES
The heating value of MSW throughout China is lower than that in developed countries such as U.S.A and Japan. Furthermore, as was mentioned earlier, China has a wide range of geographical differences and economic development among its cities, which contributes to the regional differences in the development of WTE industry.
The heating value of the MSW collected in some cities is so low that auxiliary fuel is needed to sustain combustion in the WTE furnace; of course this increases the cost of operation of the WTE. Moreover, the high capital cost for construction and operation of the WTE plant represents a huge burden on underdeveloped regions. Therefore, most of the WTE plants in China were built in regions where the economic level is higher than the national average. Regions with lower economic activities, mainly located in the mid or western China such as Jiangxi, Hunan and Hubei only have a very simple structure of waste management (mainly landfills) to cope with the growing waste problems. These factors constrain the growth of WTE in China.
PUBLIC OPPOSITION
The conflict between local residents and the WTE plants is a long existing issue in China. The technical data on environmental performance and other operating parameters, reported by plant owners and local governments are often disputed by local residents and media. In some cities, such as Guangzhou and Beijing, where WTE is most needed because of the fast growing economy and MSW generation, many new WTE plant projects have been suspended because of public demonstrations and other social pressures. Even operating WTE plants based on proven imported technology are subjected to public protests and negative media reports. On the basis of WTERT researchers" inspections in these cities, some possible causes for this adverse publicity are discussed in the following section.
LACK OF TRANSPARENCY REGARDING
WTE PLANT EMISSIONS
As in the case of some other industries in China, WTE lacks the necessary transparency to the public. WTE plant owners are unwilling to share with the public the environmental performance data and economic features, which is referred to as "business confidential information". Furthermore, there is no governmental agency as the U.S. EPA that provides citizens with statistical data and analysis with respect to the environmental performance of a certain industry. The main sources of information about WTE for local people are all kinds of unofficial internet blogs and non-mainstream media. Therefore, people have no idea of the modern WTE technology and air pollution control systems that are used in newly built WTE plants.
The centralized nature of Chinese government also contributes to this inadequate transfer if reliable information. The government"s long-time non-transparency has cultivated an entrenched skepticism in people"s minds towards nearly every government-related controversy. For example, according to a poll conducted by the Guangdong Province Situation Investigation Center (11) on the subject of WTE, 92.5 % of the 1550 respondents indicated that they were skeptical about the WTE plants minimum environmental impact, as claimed by public experts. With regard to the existing level of governmental information disclosure throughout the planning process of a proposed WTE, only 0.6% of the respondents indicated that they felt satisfied by the information provided, 4.8% were "not quite satisfied", while 92.5% indicated "very unsatisfied". IN response to another question, 88.4% of the respondents responded that even though the plant had passed the environmental impact assessment tests of the government, they would not trust the test results unless a public hearing was held and the actual assessment data were released (11).
INSTANCES OF INADEQUATE EMISSION CONTROL
Although there have not been official reports, the authors have heard of situations where the plant operators "cut corners" in order to improve the economic performance of their plants. For example, one of WTE plants that reported dioxin emissions that exceeded the old Chinese standard (1 ng TEQ/Nm3) was equipped with activated carbon injection and fabric filter baghouse; this modern Air Pollution Control system should have resulted in dioxin emission of less than 0.1 ng TEQ/Nm3), according to worldwide WTE practice. The only plausible explanation is inadequate injection of activated carbon. In another case, large quantities of industrial wastes from shoe manufacturing plants were combusted in some WTE plants, without adequate measures taken to pre-mix with the MSW.
Such events can be avoided or minimized by providing full transparency as to the day by day emissions of WTE plants, as is done for WTE plants in developed nations and, also, in some WTE facilities visited by the authors in China.
BASIC ECONOMICS OF WTE IN CHINA
In order to understand better the economic constraints on Chinese WTE plants, the authors made a very rough estimate of the capital and operating costs and the revenues of a 500,000 ton/year WTE plant commissioned in Shanghai in 2005. Table 7 shows the basic information and assumptions made for the plant. 
CAPITAL COSTS
The capital cost of the 500,000 ton/year WTE facility ($135 million) was obtained from The Nationwide Statistics of the WTE Plants built during the Tenth "Five-Year Plan". Assuming that the plant had an availability of 330 24-hour days per year, the capital cost was US$273 per annual ton of capacity. The construction of the plant lasted for three years and the payback period is assumed to be 25 years. The bank interest rate for enterprise loans in China is about 7%. If it is assumed that the entire capital investment was borrowed at a 7.5% interest payable over the 28-years duration of the project, the capital charge per year would be $11.7 million or $23 per ton of MSW processed.
OPERATING COSTS
The operating personnel, provided by the plant for the purposes of this calculation, was 62, from lower level to management positions with an average monthly salary of $1,000. The ash was assumed to be combined bottom and fly ash disposed at a nearby monofill.
The total operating costs of a U.S. WTE of the same capacity is estimated at $34 per ton processed. Because of the lower labor cost in China, it was assumed that the operating cost at the above Chinese plant was $25/ton.
REVENUES
The expense of waste disposal in China is paid by local municipalities. The main revenues of WTE plants in China are the gate fees and the sale of electricity to the grid. Other possible revenue resources such as metal recovery or potential carbon credits were not included in this calculation. Also, taxes were not considered in this rough calculation due to the favorable tax policy towards WTE plants in China.
The gate fee paid by Shanghai municipality to WTE plants is about $30/ton MSW. Waste collection and transportation costs were not taken into consideration in this case, because Chinese municipalities have established special departments to take care of these tasks so they do not affect the financial sheet of the WTE plant.
According to "The Nationwide Statistics of WTE Plants Built during the Tenth "Five-Year Plan", the WTE electricity sold to the grid is credited with $40/MWh over the price of coal-fired electricity, resulting in a total WTE electricity price of $100/MWh. Therefore, the energy revenue for this plant (0.3 MWh/ton) was estimated at $30/ton of MSW. At present, there is no co-generation of electricity and heat in Shanghai, so the low pressure steam revenues were assumed to be negligible.
In summary, the capital charge and operating cost per ton of MSW processed are estimated at $48, while the gate fee and electricity revenues amount to $60/ton. Under the above assumptions, the WTE plant would be profitable. However, if the capital investment were to be as high as recent E.U. and U.S. plants (currently about $300 million for a plant of 500,000 tons), a privately financed plant would not be economically sustainable.
CONCLUSIONS
The fast growing economy and MSW generation makes China a large market for waste management. The MSW generation is closely correlated to the country"s urbanization process. There are two categories of waste treatment methods: harmless treatment and non-harmless treatment. By 2009, the "harmless treatment" rate reached 71.4% and there were 93 WTE plants under operation.
The MSW characterization in China varies from region to region, depending on economic development and geographical conditions. The MSW in developed cities contains more paper and plastics than less developed ones and its calorific value is higher. In general, the MSW of southern cities contain more natural organics, because of the warm and humid climate. These differences also affect the waste management systems of different regions. Landfilling is the dominant means of waste disposal but the number of WTE plants is growing. East and South China, especially the district of Yangtze River Delta and Pearl River Delta, have a large number of WTE plants.
Some impediments to further growth of WTE in China were examined. These are regional differences in MSW composition and economic development; and public opposition fuelled by lack of transparency of data on environmental performance of WTE plants, even though some of them are as efficient as their E.U. and U.S. counterparts. A very approximate calculation of capital and operating costs and revenues of a particular WTE plant showed that a privately funded WTE is profitable, because of the relatively low capital cost of WTE plants in China.
